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[57] ABSTRACT

A vocal cord medialization prosthesis includes a pre-

formed and presized vocal cord engagement member.
The engagement member has a base surface and an

~ engagement surface that is inclined a predetermined
~ amount with respect to the base surface. Measurement
indicia is provided on the engagement member to indi-

cate elevation of the engagement surface at predeter-
mined points along the prosthesis. A vocal cord medial-
ization too! is used to measure displacement of a vocal

cord to an optimum phonation and breathing position

before insertion of the prosthesis. The medialization
tool provides measurements that correspond to sizing

~ indicia on the prosthesis. The prosthesis can thus be
~ trimmed to eliminate elevations that are unnecessary for

obtaining optimum positioning of a vocal cord. One
embodiment of the medialization tool also includes pro-
vision for measuring the thickness of a thyroid cartllage

10 Claims, 3 Drawing Sheets
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1 .
VOCAL CORD MEDIALIZATION PROSTHESIS
'~ BACKGROUND OF THE INVENTION

Tlus invention relates to prosthetic devices for medi-

alizing a vocal cord, and more particularly to a pre-
formed and presized prosthetic device for obtaining
optimum displacement of a vocal cord to correct dys-
phonia due to vocal cord dysfunction. |

Vocal cords or vocal folds normally undergo dy-
namic movement between a relatively closed phonation
position and a relatively open breathing position to
allow an individual to speak and breathe. Phonation

generally occurs when the vocal cords are in their rela-

tively closed position, which obstructs the flow of air.
Thus normal breathing is difficult when phonation oc-
curs. Breathing is facilitated when phonation is inter-
rupted to enable the vocal cords to move to their rela-
tively open position. Vocal cord dysfunction or dyspho-
nia usually occurs when one of the vocal cords 1s para-
lyzed and recedes into a slightly divergent open posi-
tion resulting in reduced phonation capability.

In one known treatment of vocal cord dysfunction, a
laryngoplasty is performed wherein an implant such as
a silicone block is installed between the thyroid carti-
lage and the paralyzed vocal cord to medialize the
vocal cord. The shaping and sizing of the implant is
usually a manual procedure performed by the surgeon
on an empirical basis who custom forms the prosthesis

based on an estimate of the amount of medialization

‘needed by the patient.
A preliminary version of the implant is inserted be-
tween the vocal cord and the thyroid cartilage and the
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patient’s phonation ability is evaluated. If there i1s a need

for further medialization the prosthems is removed and

resized and/or reshaped and again inserted between the

vocal cord and the thyroid cartilage for further evalua-
tion of the patient’s phonation ability.

Often two or more insertions and modifications of an
implant are made in this manner in order to obtain the
desired medialization.

A problem that arises in connection with each inser-
tion and subsequent removal of an implant is that the

patient can suffer trauma and tissue edema. Swelling of
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vocal cord from a thyroid cartilage, a novel prosthesis

~ for medializing a vocal cord that has different sizes and

which permits easy trimming to a desired size, a novel
vocal cord medialization tool which displaces a vocal
cord from a thyroid cartilage to a desired medialization
position, a novel vocal cord medialization tool which
medializes the vocal cord and permits measurement of -
the amount of medialization obtained, a novel vocal
cord medialization tool which permits measurement of
the thickness of the thyroid cartilage as well as mediali-
zation of the vocal cord and measurement of the

‘amount of vocal cord medialization, and a method of

medializing a vocal cord.
Other objects and features of the invention will be in

" part apparent and in part pointed out hereinafter.

In accordance with the invention, the vocal cord
medialization prosthesm includes a preformed engage-
ment member that is presized with a dimensional scale

that corresponds to different dimensions on the prosthe-

sis. The dimensional scale indicates elevation of an en-
gagement surface of the prosthesis from a base surface
at various points along the prosthesis.

A vocal cord medialization tool that can be used in
conjunction with the prosthesis is shaped similarly to
the prosthesis. The vocal cord tool provides measure-.

ments of optimum vocal cord displacement from a thy-

roid cartilage before insertion of the prosthesis. Dimen- -
sions on the prosthesis correspond to the measurement
of vocal cord medialization position provided by the
tool which establishes the exact size of prosthesis
needed for vocal cord medialization.

The preformed prosthesxs, in one embodiment,
longer than necessary, and is trimmed to eliminate one
or more longitudinal sections that are unnecessary. The
resulting trimmed-prosthesis, when installed, will thus

~ move the vocal cord away from the thyroid cartilage to

tissue often leads to a false determination of optimum 45

size for an implant. For example, when tissue edema

recedes it may become apparent that there is an under-
correction of the vocal cord medialization because the

tissue edema caused a false reading of implant require-
ments. Thus one of the greatest difficulties with current
laryngoplasty techniques is that an implant must be
repeatedly inserted in a patient and modified in accor-
dance with empirical assessments of required medializa-
tion.

It is thus desirable to provide a preformed and pre-
sized prosthesis for medializing a vocal cord and a tool
- for displacing a vocal cord to an optimal phonation
position and measuring the amount of d15placement to
permit use of the presized prosthesis.

OBJECTS AND SUMMARY OF THE
INVENTION

Among the several objects of the invention may be
noted the provision of a novel prosthesis for medializing
a vocal cord, a novel prosthesis for medializing a vocal
cord that is preformed to a predetermined size, a novel
prosthesis for medializing a vocal cord that is presized
‘to provide optimum medialization displacement of a
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the optimum phonation/breathing position (medializa-

tion position) determ:med by the vocal cord measuring

tool.

The vocal cord medlahzatmn tool, in one embodi-
ment, includes dimensions at the same end of the tool
that engages a vocal cord during measurement of opti-
mum vocal cord displacement. In another embodiment
of the vocal cord medialization tool, a dimensional scale
is provided at an opposite end of the tool from that
which engages a vocal cord during measurement of
vocal cord medialization.. | |

Provision is also made in one of the vocal cord medi- |
alization tools for measuring the thickness of thyroid
cartilage at the area where a prosthems is to be installed.

The invention accordingly comprises the construc-
tions and method hereinafter described, the scope of the
invention being indicated in the claims.

DESCRIPTION OF THE DRAWIN GS

In the accompanymg drawmgs, |

FIG. 1is a simplified perspective view of a prosthetic
device for medializing a vocal cord incorporating one
embodiment of the invention;

FIG. 2 is a bottom view thereof;
- FIG. 3 is a side view thereof; |

FIG. 4 is a simplified side view thereof in installed
position; -

FIG. 5 is a fragmentary perspective view of a vocal
cord medialization tool;

FIG. 6 is an end view thereof;
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'FIG. 7 is a simplified side view of the vocal cord

medialization tool as used to measure the medialization
position of a vocal cord;

FIG. 81s a sunphﬁed end view of the vocal eord
medialization prosthesis in an installed position;

FIG. 9 is a simplified perspective view of another
embodiment of a vocal cord medialization tool;

FIG. 10 1s a top plan view thereof;

FIG. 11 is a side elevation thereof; and,

FIG. 12 is a bottom view thereof.

Corresponding reference characters indicate corre-
sponding parts throughout the several views of the
drawings.

DETAILED DESCRIPTION OF THE
INVENTION

- A vocal cord prosthesis incorporating one embodi-
ment of the invention is generally indicated by the refer-
ence number 10 in FIG. 1.

The prosthesis 10, which is preferably formed of a
biocompatible silicone, compnses an elongatcd engage-

4

 steel. The sleeve 52 has longttudmally extendmg Spaced |
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leg portions 53 and 55. |
Referring to FIG. 7, one end portton of the stem 54 is

provided with a vocal cord engagement member 58

preferably formed of silicone. The engagement member
58 has a vocal cord engagement surface 60 and a base
surface 62 and is joined to an end of the stem 54 by a

suitable known joint 68 that permits rotation of the stem
54 with respect to the engagement member S8. The
engagement surface 60 is inclined with respect to the
base surface 62 at approximately the same angle as the
engagement surface 20 is inclined with respect to the

- base surface 18 of the prosthesis 10. The leg portions 53

15

20

and S8 are provided with upper and lower flanges 64
and 66 that pro_lect radially away from the free ends of
the leg portions §3 and §85. |

Referring to FIGS. § and 6, an outmde encl of the
sleeve 52 is provided with indicia means 74 that include
numbers 4 through 10 radially spaced from each other.
Referring to FIG. 7, a size indicator 80 is formed on the

~ stem 54 proximate the indicia 74. The size indicator 80

ment member 12 that is elongated in a longitudinal

direction. The engagement meémber 12 has longitudi-
nally spaced opposite end portions 14 and 16, a base
surface 18 and a vocal cord engagement surface 20
extending from the base surface 18.

The engagement member 12 further includes laterally

spaced edge portions 22 and 24 where the base 18 and
the vocal cord engagement surface 20 intersect. An
elongated tab portion 26 projects from the base surface
18 and is coextensive with the base surface 18 in the
longitudinal direction. The tab portion 26 includes side
wall portions 28 and 30 and a floor portion 32 that is
provided with indicia 34 such as numbers and a dimen-
sional scale which can correspond to millimeters, for
~ example. ~

The vocal cord engagement surfaee 20 is inclined
with respect to the base surface 18 a predetermined
amount, preferably 15.6°. The vocal cord engagement
surface 20 is curved in a lateral direction from the edge
portion 22 to the edge portion 24. The maximum dis-
tance between the vocal cord engagement surface 20
and the base surface 18 is defined as the elevation of the
engagement surface.

The indicia 34 includes numbers 36 and scale mark-
ings 38 that represent the elevation of the engagement
surface 20 from the base surface 18. If desired the scale
markings 38 can be extended along the engagement
surface 20 such as shown in FIG. 3.

Thus the numbers 4, 6 and 8 at indicia 34 are located
on the prosthesis 10 at the point where the engagement
surface 20 is elevated 4 mm., 6 mm. and 8 mm. from the
base surface 18. The scale markings 38, which are not
numbered, indicate intermediate numbers 5, 7 and 9
where the engagement surface 20 is elevated 5, 7 and 9
mm. from the base surface 18. The end portion 14 corre-
sponds to an elevation of 3 mm. and the end portion 16
corresponds to an elevation of 10 mm.

A vocal cord medialization measurement tool whmh
can be used in combination with the prosthesis 10 is -
generally indicated by the reference number 50 in
FIGS. §, 6 and 7. The tool 80 includes a sleeve portion
52 and a stem portion 54 protractible and retractable in

the sleeve 52 by threads 56 provided on a peripheral

portion of the stem 54 for engagement with complemen-
tary threads in the sleeve 52. The sleeve 52 and stem 54
can be formed of a suitable material such as stainless
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90.

can be in the form of a dial that spans a predetermined
size range such as 3 mm. Alternatively, the size indica-

tor 80 can be in the form of a V-shaped recess 82 as N

shown in FIGS. § and 6, which spans a sxmﬂar 3 mm.
size range.

In using the prosthems 10, a measurement of vocal
cord medialization is initially taken using the medializa-
tion tool 50. A window or opening 90 (FIG. 8) is cut
into the thyroid cartilage 92 to permit insertion of the
tool 50 and ultimate insertion of the prosthesis 10. |
. The tool 50 is preliminarily set to a posmon wherein
the vocal cord engagement member 58 is at its closest
proximity to the flanges 64 and 66 of the leg portions 53
and 55. The vocal cord engagement member 58 and the
flanges 64 and 66 are passed through the window open-
ing 90 in the manner shown in FIG. 7, such that the
flanges 64 and 66 engage an inside surface 94 of the
thyroid cartilage 92 and the engagement surface 60 of
the engagement member 58 engages a vocal cord 96. To
facilitate such insertion the leg portions 53 and 55 can be
squeezed together against the stem portion 54. |

With the vocal cord medialization tool 50 in the posi-
tion shown in FIG. 7, a pattent can attempt phonation.
During phonation the stem 54 is threaded in the sleeve
52 to protract the engagement member 58 and displace
the vocal cord 96 away from the thyroid cartilage 92to

an optimum phonation position that is determined by -

the physician. Rotation of the stem 54 permits protrac-
tion of the engagement member 58 from the sleeve 52
without causing rotation of the engagement member 58.

It should be noted that the optimum phonation position

is essentially a compromise position of the vocal cord 96
that permits breathing as well as phonation.

At the optimum phonation or medialization posmon,
the size indicator 82 in FIGS. § and 6 (or 80 in FIG. 7)

‘will indicate the size elevation range of the prosthesis 10

that will replicate the medialization position of the
vocal cord 96 by the vocal cord medialization tool 50.
Thus for example, if the vocal cord medialization tool
50 indicates a size range of S mm. to 8 mm. as shown in
FIG. 6, the prosthesis 10 is trimmed to eliminate the
sections indicated at reference letters A and B in FIG. 2.
The tool 50 is adjusted back to its preliminary adjust-
ment position and removed from the window opening

Since the prosthesis 10 is formed of a biocompatible
trimmable material such as silicone, the portion of the
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prosthesis 10 which is less than 5 mm. is easily trimmed '
off and the portlon of the prosthesis 10 which is greater

than 8 mm. is also easﬂy trimmed off.

The prosthesis 10 is inserted through the window
opening 90 in the thyroid cartilage 92 in the manner
shown in FIG. 8, such that the engagement surface 20
- of the engagement member 12 bears against the vocal
cord 96 and the base surface 18 of the engagement mem-

ber 12 bears against the inside surface 94 of the thyrmd |

cartilage 92. The tab portion 26 projects into the win-
dow opening 90 from the inside surface 94 of the thy-
roid cartilage 92. Pressure between the thyroid cartilage
92 and the vocal cord 96 mamtauns the prosthesis 10 in
its implanted position.

In this manner, a patient is measured for optimum
vocal cord medialization using the tool 50 and then
fitted with the prosthesis 10 to obtain optimum mediali-

zation. Any edema that may occur after the measure-
ment procedure will not affect vocal cord medialization

since the prosthesis 10 is sized to correspond to the

by the tool §0.
Thus the prosthesis 10 for medializing a vocal cord 1S

sized to correspond exactly to the measurements indi-
cated by the vocal cord medialization tool §0, thereby

10
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 measurement of optimum phonatlon position prowded |
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permitting use of the preformed prosthesis having a

predetermined size.

If desired, pretrimmed prostheses can be provided in
selected different sizes to correspond to measurements
indicated by the medialization tool §0.

Another embodiment of a vocal cord medialization
tool is generally indicated by the reference number 100

“in FIG. 9. The tool 100 has an elongated stem portion

102 that can be formed of a suitable material such as

stainless steel, and includes end portions 104 and 106. A

vocal cord engagement surface 108 is joined to the stem
portion 102 proximate the end portion 104. The engage-
ment surface 108 is inclined with respect to the direc-
tion of elongation of the stem portion 102. A size indica-
tor 110 joins the vocal cord engagement surface 108 to
the end portion 104 of the stem 102. The size indicator
110 includes indicia such as 112 and 114 (FIG 10) for
indicating the distance between the engagement surface
108 and a thyroid cartilage 92. The size indicator 110
- further includes an end portion 116 adjoining the end
portion 104 of the stem 102. The end portion 116 is
approximately perpendicular to the direction of elonga-
tion of the stem portion 102.

The indicia 112 which preferably includes scale lines
corresponding to millimeters, has a point 118 of mini-

mum elevation from a thyroid cartilage at the engage-

ment surface 108. The indicia 114, which also includes a
millimeter scale, has a point 120 of maximum elevation
at the vocal cord engagement surface 108. The indicia
112 can include bold lines 122 at every fifth millimeter
to facilitate measurements using the indicia 112. Corre-
spondingly, the indicia 114 includes bold lines 124 at
every fifth millimeter to facilitate measurements usmg
the indicia 114.

Although the end portion 116 is shown to depend
from the size indicator 110 an amount that is substan-

tially equivalent to the amount that the engagement

30
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It should be noted that the inclination of the engage-
ment surface 108 with respect to the end portion 116
corresponds to the inclination of the engagement sur-

face 20 of the prosthesis 10 with respect to the base

surface 18. The tool 100 further includes a second size

“indicator 130 at the end portion 106 of the stem for

measuring thyroid cartilage thickness. The size indica-
tor 130 includes a thyroid cartilage engaging finger 132

and indicia 134 provided at a surface 136 of the size

indicator 130. The indicia 134 includes a scale of dimen-

sional lines which can correspond to millimeters. A

bold line or recess can be formed in the surface 136 at

‘the 5 mm. point to facilitate visualization of measure-

ments made along the indicia 134.
The tool 100 permits measurements of thyroid carti-
lage thickness as well as dmplacement of a vocal cord

from a thyroid cartilage in ascertaining optimum vocal

cord position for vocal cord medialization. |

For example, referring to FIG. 4, it will be seen that
the thyroid cartilage 92 is relatively thick at a location
indicated by reference number 138 at one longitudinal
end of the prosthesis 10, and relatively thin at a location
140 at an opposite end of the prosthesis 10. Since the_. |

thyroid cartilage 92 is not of uniform thickness, it is

often helpful to ascertain the thickness of the cartilage
at the location 138 as well as the location 140. This
thickness can be measured by inserting the size indica-
tor 130 in the window opemng 90 of the cartilage 92

such that the cartilage engaging finger 132 engages the

inside surface 94 of the thyroid cartilage at the cartilage
location 138. Measurement of the cartilage thickness at

the location 138 can be read from the scale of indicia
134. Similarly, the thickness of the cartilage 92 at the
location 140 can be read by positioning the finger 132 of

the size indicator 130 at the location 140.

After the cartilage thickness is measured at the loca-

- tions 138 and 140, and at any other points at the window

45

opening 90, the tool 100 is repositioned to permit the
engagement surface 108 to pass through the window
opening 90 for engagement with the vocal cord 96 (not
shown). The size indicator 110 is passed through the
window opening 90 to dispose the engagement surface
108 against the vocal cord 96 (not shown).

When the vocal cord 96 is displaced by the engage-

‘ment surface 136 to a position of optimum phonation

- and breathing, the indicia 112 and 114 are observed for

35

measurement of such displacement. For example, a
measurement is made on the indicia 112 of the distance

‘between the point of minimum elevation 118 from the

inside surface 94 of the thyroid cartilage 92. In addition,
a further measurement is made on the indicia 114 of the

- distance between the point of maximum elevation 120

from the inside surface 94 of the thyroid cartilage 92. A
minimum elevation reading is thus made from the indi-
cia 112 and a maximum elevation reading is made from
the indicia 114. Based on these readmgs the prosthesls |
10 can be trimmed to replicate the minimum and maxi-
mum elevation measurements determined by the medl- :

‘alization tool 100.

Portions of the prosthesis 10 thch contain an eleva- ;

non greater than the measured maximum elevationcan

- be removed or trimmed away. Similarly, portions of the

- surface 108 depends from the size indicator 110, such

dependency can be omitted. Thus the engagement sur-

face 108 can be reduced to a rounded edge of the size

indicator 110 and the end portion 116 can be reduced to
an opposite edge of the size indicator 110.

65

prosthesm 10 which have an elevation less than the

minimum elevation measurement can be removed or.

trimmed away. The prosthesis 10 with the trimmed

-away portions is then inserted through the window

opening 90 such that the minimum elevation end of the
prosthesis corresponds with the relatively thin section
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of the thyroid cartilage 138 and the maximum elevation
- portion of the prosthesis 10 corresponds with the rela-
tively thick portion of cartilage 140 as shown in FIG. 4.
It will be noted that the finger 132 of the size indica-
tor 130 is offset by approximately 90° from the engage-
- ment surface 108. A flattened portion 142 can be pro-
vided on the stem 102 to facilitate proper orientation of
the engagement surface 108.

Some advantages of the invention evident from the

foregoing description include a prosthesis for medializa-
tion of a vocal cord that is preformed to a predeter-
mined size to facilitate location of a vocal cord in its
optimum phonation and breathing position. A further
advantage is that the prosthesis is preformed with a
predetermined inclination or gradation of elevation.
Another advantage is that a medialization tool has an
inclination corresponding to the inclination of the pros-
thesis and a measurement scale corresponding to the
indicia provided on the prosthesis The prosthesis can
thus be trimmed to the exact size indicated during a
measurement of vocal cord displacement by the medial-
ization tool. |
Still another advantage is that the medialization tool
eliminates guesswork and empirical reinsertions of an
implant in determining the correct size of a prosthesis.
The medialization tool and the preformed, presized
implant reduce the likelihood of undercorrection or
. overcorrection due to edema of the tissues because of
. multiple insertions of an implant. Since the measure-
ment of optimum vocal cord displacement is made with
the medialization tool, subsequent edema will not affect
the selected size of the prosthesis. Thus the possibility of

undercorrection of vocal cord position due to edema is

minimized.

In view of the above, it will be seen that the several

~ objects of the invention are achieved and other advanta-
geous results attained.

As various changes can be made in the above con-
structions and method without departing from the
scope of the invention, it 1s intended that all matter
contained in the above description or shown in the
accompanying drawings shall be interpreted as illustra-
tive and not in a limiting sense.

I claim:

- 1. An implantable prosthesis for vocal cord mediali-
zation comprising a non-deformable elongated engage-
ment member of a first predetermined longitudinal ex-
tent with longitudinally spaced opposite end portions, a
base surface, a vocal cord engagement surface project-
ing away from said base surface and having a first range
of steadily increasing elevation from said base surface,

5,201,765

from a minimum elevation at one end pOrtian of said

engagement member to a maximum elevation at the
opposite end portion of said engagement member, indi-
cia means on said engagement means for indicating the
clevation of said engagement surface from said base

surface in a longitudinal direction between said mini-

mum and said maximum elevations, said engagement
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member being formed of a biocompatible trimmable
material to permit removal of selected longitudinal

portions of said engagement member proximate said
opposite end portions to provide a predetermined longi- L
tudinal foreshortening of said engagement member with

a selected second range of steadily increasing elevation
of said engagement surface from said base surface.

2. The prosthesis as claimed in claim 1 wherein said

engagement member is formed of a solid material.

3. The prosthc:sis as claimed in claim 1 wherein said "

base surface is substantially planar

4. The prosthesis as claimed in claim 1 wherein said
engagement surface i1s substantially inclined with re-
spect to said base surface in said longitudinal direction.

§. The prosthesis as claimed in claim 1 wherein said
engagement member includes edge portions spaced
from each other in a lateral direction, said engagement
surface being substantially curved in said latcral direc-

tion. |
6. The prosthesis as clalmed in claam 1 whcrem said

engagement member has an absolute minimum eleva-

tion and is formed of said trimmable material to permit
removal of a precletermmed longitudinal portlon whlch
includes said absolute minimum elevation. |

" 7. The prosthesis as claimed in claim 1 wherein said
engagement member has an absolute maximum eleva-

tion and is formed of said trimmable material to permit
removal of a predetermmed longitudinal portion Wthh-
1includes said absolute maxinum elevation. |

8. The prosthesis as claimed in claim 1 wherein sald '
engagement member has an absolute minimum eleva-

tion and an absolute maximum elevation and is formed

of said trimmable material to permit removal of prede- -

termined longitudinal portions which include said abso-

lute minimum elevation and said absolute maximum

elevation.

9. The prosthesis as claimed in claim 1 whcrcm atab B

portion extends from said base surface, said indicia
means being provided on said tab portion.

10. The prosthesxs as claimed in claim 9 wheram said |
tab portion is longitudinally coextensive with said en-

gagement surface. |
* % % % »
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